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1
Introduction
LTE Rel-8 includes the concept of Feature Group Indicators (FGI), whose purpose is to accommodate early deployment of LTE by allowing an “early” Rel-8 UE to signal the subset of mandatory UE features it has actually implemented and tested.  The FGI is based on the Feature Priority List prepared by RAN5 and endorsed by the RAN Plenary.
RAN2 was tasked by the RAN plenary with developing the signalling support for FGI. In Table B.1-1 of [1], the bits that make up the field featureGroupIndicators are defined.  A Release 8 UE shall include the field featureGroupIndicators in the IE UE-EUTRA-Capability of the UECapabilityInformation message.  From a Rel-8 UE perspective there is no significant difference between an optional feature and a feature having an FGI bit.
Included in the FGI are two bits for Radio Bearer (RB) combinations. It is assumed that the network must use the RB combinations as listed in the FGI to guarantee correct operation of the feature on the UE.  This paper discusses network enforcement of RB combinations, and highlights some issues with the particular RB combinations chosen for the FGI.
2
Background

The table below summarizes the Data Radio Bearer (DRB) combinations described by bits 7 and 20 of the field featureGroupIndicators:

	Combination ID
	# AM DRB
	# UM DRB
	Total # of DRBs
	Mandatory / Optional (Rel-8)

	1
	1
	
	1
	M

	2
	1
	1
	2
	M (if bit 7 is ‘1’)

	3
	2
	
	2
	M

	4
	2
	1
	3
	M (if bit 7 is ‘1’)

	5
	2
	2
	4
	O

	6
	3
	
	3
	M

	7
	3
	1
	4
	M (if bit 7 is ‘1’)

	8
	3
	2
	5
	O

	9
	4
	
	4
	M

	10
	4
	1
	5
	M (if bit 7 is ‘1’)

	11
	4
	2
	6
	O

	12
	5
	3
	8
	O

	13
	8
	
	8
	O


Table 1: Summary of DRB combinations supported by Rel-8 UE
The following observations can be made from Table 1:

· DRB combinations 1, 3, 6, and 9 are mandatory for all Rel-8 UE;

· DRB combinations 2, 4, 7, and 10 are mandatory for all Rel-8 UE that support RLC-UM (i.e. network may use only if bit 7 is set to ‘1’);

· DRB combinations 5, 8, 11, 12, and 13 are optional (i.e. network may use only if bit 7 and 20 is set to ‘1’).

· There are many additional DRB combinations not listed in the table (i.e. network shall not use), e.g. 5x AM DRB plus 1 or 2x UM DRB, 6x AM DRB, etc.
NOTE: This appears to be a severe limitation imposed on Rel-8 UEs which can support all combinations of RLC-UM and RLC-AM DRBs. The eNB is forced to assign such UEs only the legal RB-combinations defined by bit20=1 and bit7=1 even though these UEs have no such restriction (i.e. there is no additional bit in the table for the UE to indicate that it supports all RLC type combinations).

In the LTE architecture, the decision to establish a dedicated bearer can only be taken by the EPC, and the bearer level QoS parameter values are always assigned by the EPC.  However, it is the eNB that determines the RLC configuration of the DRB and the EPC is not expected to be aware of such radio-specific information.  Therefore, if the network is expected to avoid using DRB combinations not supported by the UE, the eNB presumably must police dedicated bearer assignment/release requests from the EPC.
In the discussion below, two options are considered for eNB handling of bearer setup and release for Rel-8 UE.
3
Discussion

Option A: During bearer setup and release, the eNB fails E-RABs (if necessary) in order to avoid using a RB combination that is not supported by the UE.

Although network enforcement of DRB combinations is outside the scope of LTE specifications, this appears to be the handling assumed by [2].  However, as described below, there is a potential issue in certain bearer release scenarios due to the choice of DRB combinations signalled by bit 20.

E-RAB Setup:

When the eNB receives an INITIAL CONTEXT SETUP REQUEST or E-RAB SETUP REQUEST, it checks whether the resulting DRB combination would match a DRB combination supported by the UE; if not it either fails all of the E-RABs in the request, or executes only those parts of the request which result in a DRB combination supported by the UE.  In the latter case, the eNB will typically attempt to pick the highest RB combination (i.e. which assigns the most number of radio bearers) from among the requested E-RABs. Since the eNB has no knowledge about the traffic flowing on these bearers, its selection would be based on the available resources and selecting a legal RB combination.
Example: If UE is on RB-combination#5 and an E-RAB SETUP REQUEST is received to add 2 RLC-AM bearers and 1 RLC-UM bearer, the eNB could choose to RB combination#11 and not setup the RLC-UM bearers since it is not able to use RB combincation#12. Similarly if the UE is at RB combination#11 and receives a request to add an RLC-AM bearer, it will fail the request since it cannot add the bearer to get a new legal combination.
If the eNB fails to establish any E-RABs due to enforcing DRB combinations, then the failed E-RAB(s) is included in the E-RAB Failed to Setup List IE of the E-RAB SETUP RESPONSE with the cause value “Failure in the Radio Interface Procedure” (there is no precise cause value for this scenario).
E-RAB Release:
Similarly, when the eNB receives an E-RAB RELEASE COMMAND, it checks whether the resulting DRB combination would match a DRB combination supported by the UE.  
However, if the eNB fails to release an E-RAB, then in addition to including the failed E-RAB(s) in the E-RAB Failed to Release List IE of the E-RAB RELEASE RESPONSE, the eNB must also send the UE CONTEXT RELEASE REQUEST as described in [2].  This means that an E-RAB RELEASE COMMAND that would place the UE into an unsupported DRB combination results in context release (NOTE: this scenario exists when optional DRB combination #5, #12, or #13 is being used).  
Alternatively, the eNB implementation may release extra bearers in order to reach a legal RB combination.  However, in this case the eNB could inadvertently release the default bearer for an APN since the eNB has no knowledge about which bearer is the default bearer.  If there are multiple PDN connections, it may result in dropping of the entire PDN at the UE. If this was the last PDN connection, it may result in an implicit Detach at the UE [4].  
Example 1: If the UE is at RB combination#13, and an E-RAB RELEASE COMMAND is received to release 2 bearers, the eNB may either fail the request since executing the request would put the UE in an illegal combination, or the eNB may opt to release 2 additional bearers (a total of 4) to get to legal RB combination#9.  In the latter case, the eNB would also need to send an E-RAB RELEASE INDICATION message for the 2 extra RLC-AM E-RABs it chose to release. 

Example 2: Similarly if the UE is at combination#12 and an E-RAB RELEASE COMMAND is received to release 1 RLC-UM bearer, the eNB may either fail the request since executing the request would put the UE in an illegal combination, or the eNB may opt to release 1 additional RLC-AM bearer to get to legal RB combination#11. In the latter case, the eNB would also need to send an E-RAB RELEASE INDICATION message for the extra RLC-AM E-RABs it chose to release.

There are several other scenarios that may trigger an eNB to autonomously release E-RABs which could potentially place the UE into an unsupported DRB combination:

· Resource limitation may cause eNBs to intiate release of an E-RAB. In order to comply with the legal RB-combinations, the eNB may need to release more E-RABs than would otherwise be necessary.

· Handover procedures require the target eNB to determine whether E-RABs can be admitted to the target cell. This may require the eNB to release one or more existing E-RABs due to resource limitations or other reasons. Again, the eNB may need to release more E-RABs than would otherwise have been needed, in order to comply with the legal RB combinations.
Option B: Similar to Option A, but modify the definition of FGI bit 20 so that release of a bearer always results in a supported DRB combination.
In order to avoid the scenarios that lead to UE context release in Option A, Table 2 below illustrates some changes to [1] that eliminate the possibility of an E-RAB release procedure resulting in an unsupported DRB combination.  These changes essentially eliminate the need for the eNB to perform any enforcement of DRB combinations during bearer release.
The potential disadvantage of Option B is that more DRB combinations would need to be implemented and tested by UE which set bit 20 to ‘1’ (note: there is no impact to UE which set bit 20 to ‘0’).  However, it seems that a UE which implements 8 RLC-AM DRBs would also implement 5, 6 and 7, so it is unclear whether there is any actual impact to UE implementations.
	20
	If bit number 7 is set to ‘1’:

- RB combination 1: SRB1 and SRB2 for DCCH + 1x AM DRB

- RB combination 2: SRB1 and SRB2 for DCCH + 1x AM DRB + 1x UM DRB

- RB combination 3: SRB1 and SRB2 for DCCH + 2x AM DRB

- RB combination 4: SRB1 and SRB2 for DCCH + 2x AM DRB + 1x UM DRB

- RB combination 5: SRB1 and SRB2 for DCCH + 2x AM DRB + 2x UM DRB

- RB combination 6: SRB1 and SRB2 for DCCH + 3x AM DRB

- RB combination 7: SRB1 and SRB2 for DCCH + 3x AM DRB + 1x UM DRB

- RB combination 8: SRB1 and SRB2 for DCCH + 3x AM DRB + 2x UM DRB
- RB combination 8A: SRB1 and SRB2 for DCCH + 3x AM DRB + 3x UM DRB
- RB combination 9: SRB1 and SRB2 for DCCH + 4x AM DRB

- RB combination 10: SRB1 and SRB2 for DCCH + 4x AM DRB + 1x UM DRB

- RB combination 11: SRB1 and SRB2 for DCCH + 4x AM DRB + 2x UM DRB
- RB combination 11A: SRB1 and SRB2 for DCCH + 4x AM DRB + 3x UM DRB

- RB combination 11B: SRB1 and SRB2 for DCCH + 5x AM DRB

- RB combination 11C: SRB1 and SRB2 for DCCH + 5x AM DRB + 1x UM DRB

- RB combination 11D: SRB1 and SRB2 for DCCH + 5x AM DRB + 2x UM DRB

- RB combination 12: SRB1 and SRB2 for DCCH + 5x AM DRB + 3x UM DRB
- RB combination 12A: SRB1 and SRB2 for DCCH + 6x AM DRB
- RB combination 12B: SRB1 and SRB2 for DCCH + 7x AM DRB

- RB combination 13: SRB1 and SRB2 for DCCH + 8x AM DRB
If bit number 7 is set to ‘0’
- RB combinations 1, 3, 6, 9, 11B, 12A, 12B, and 13
	- Regardless of what bit number 7 and bit number 20 is set to, UE shall support RB combinations 1, 3, 6 and 9

- Regardless of what bit number 20 is set to, if bit number 7 is set to ‘1’, UE shall support RB combinations 1, 2, 3, 4, 6, 7, 9 and 10




Table 2: Revised definitions for FGI bits 20 and 7 (Option B)
4
Conclusion
The eNB is expected to ensure that only RB combinations listed in the FGI are used.  However, when the network and UE support the optional set of RB combinations (i.e. FGI bit 20 set to ‘1’), then there are scenarios which lead to either UE context release, or the release of extra bearers which may have undesirable side effects on NAS and end user applications (e.g. when default bearer is inadvertently released).  This problem could be resolved by adjusting the optional RB combinations so that they are contiguous (i.e. bearer release always results in a supported RB combination), and this would also lead to simpler eNB implementation.
PROPOSAL: Modify the definition of FGI bit20 as described in Table 2 (Option B).
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